The change in physical properties of a cured Polydimethylsiloxane-based polymer -  copper particle matrix by varying copper concentration. by Lørup, Erik Hillo et al.
The change in physical properties of
a cured Polydimethylsiloxane-based
 polymer - copper particle matrix
by varying copper concentration
David Noirat
  &
              Frederik Storm Mahler
The change in physical properties of a cured
Polydimethylsiloxane-based polymer - copper
particle matrix by varying copper
concentration.
Simon Kaare Larsen, Erik Lørup
David Noirat & Frederik Storm Mahler
Supervisor: Alejandro Sanz
4th semester’s experimental physics project
June 8, 2015
2
Abstract
In this project, spheroidal cop-
per powder (14 − 25 µm) is mixed
with polydimethylsiloxane (PDMS)
in a range from 5 to 33 % vol. Three
physical properties are examined;
hydrophobicity, glass transition tem-
perature (Tg) and electrical conduc-
tivity. In the latter, we are specif-
ically looking for the appearance of
the percolation threshold which im-
pacts conductivity greatly over a
small change in Cu concentration.
The PDMS used is Sylgard 184 from
Dow Corning, an industrial mix of
different PDMS, which is frequently
studied in publications. The appa-
ratus used are RUC/homemade, de-
signed mainly for the study of liquids
but should still work for the rubber
polymer.
The percolation threshold was found
between 15% and 16% vol., Tg
around 150 K and hydrophobicity
went from a contact angle of 109◦ for
pure PDMS with little change un-
til 15% vol. then a steeper decrease
down to 94◦ for 33% vol.
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1 Introduction
1.1 Intro
Polydimethylsiloxane or PDMS is one of the most widely used compounds in
a group commonly referred to as silicones. It has a broad span of applications,
stretching from industrial lubrication to cosmetics. Common places where one
might encounter PDMS include: as a surfactant in water-repelling coatings
and clothes, it is used as a carminative1 in over-the-counter medicine, as an
anti-foaming agent in fried foods such as McDonald’s Chicken McNuggets and
French fries2[1], it is also added to cooking oils in both instances to stop oil
splattering during cooking. One might also find PDMS on the bathroom shelf
since it is used in conditioner and other hair products as well as in other cos-
metics in concentration up to 15%[2]. PDMS also has viscoelastic properties
and can also be cross-linked to a stiffer material and used in soft lithography
and microfluidics.
PDMS is practically used anywhere, which makes it very interesting exper-
imenting with. The aim of this 4th semester’s project, is to explore some of the
changes in the physical properties of PDMS when mixed with fine spheroidal
(14 − 25 µm) copper powder. We investigate the changes in hydrophobicity,
electrical conductivity and glass transition temperature. We have chosen these
experiments either/both because they apart of the research done at RUC or
they are relevant to test if you wanted to use the PDMS cobber mixture. How
the hydrofobicity changes is for example very relevant when using the mixture
in micro fluidics, because the importance of lowering the friction.
1prevent formation of gas in the gastrointestinal tract or facilitate the expulsion of said
gas
2Listed as dimethylpolysiloxane
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Other research in the mechanical properties of PDMS mixed with metals
have been published, mostly directed towards application in MEMS3 . The
metals used by others include silver, gold and nickel as well as some carbon
based compounds such as carbon nanotubes, graphite and carbon black. The
changes in mechanical properties of PDMS when mixed with metals are well
researched, but we have not found any publish papers examining exacty our
problem formulation.
1.2 Problem formulation
”How do the physical properties (conductivity, glass transition and
hydrophobicity) of PDMS change when spheroidal powdered copper is added?”
1.3 Target audience
This project is about polymer physics, and how the physical properties of a
polymer changes when it’s mixed with copper particles. Therefore the target
audience are individuals with an interested in those topics. We use some of
the same apparatus as RUC’s research center Glass and Time, so this project
can also be seen as a gateway into some of the research done at RUC.
3Micro Electro-Mechanical systems
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2 Theoretical principles and background
2.1 Polymers
A Polymer is a macromolecule which consists of a large number of molecular
units that are linked together by polar covalent bonds4 in a chain structure
with a terminating group, for PDMS it is usually either a vinyl- or hydroxyl
group. Polymers exist in several forms depending on the length of the chain
and the molecular units that make up the chain. In this project the polymer
polydimethylsiloxane (PDMS) is used which has the following chemical struc-
ture:
Figure 2.1 Repeated structure of PDMS.
The molecular unit repeated in PDMS, also called the monomer, is de-
picted in Figure 2.1. For our experiments the polymer needs to be cross-linked
to change its mechanical properties. When a polymer is cross-linked the large
polymer chains are linked together with chemical bonds, usually between the
terminating groups. The polymer PDMS is cross-linked by mixing the PDMS
with a specific cross-linking agent which varies from polymer to polymer. In
general a large number of cross-links will make the polymer more viscous rang-
4Bonds that are partly ionic and partly covalent
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ing from a thick fluid like honey to an amorphous solid. This makes it possible
to attain the wanted mechanical properties when working with PDMS.
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3 Pre-experimental setup & preparation
3.1 Preparing copper base
In order to eliminate the inhalation hazards associated with working with cop-
per particles, a base solution was prepared consisting of 80% copper to PDMS
base weight ratio. First 18.18(0) g of PDMS base (Sylgard 184 base, Dow
Corning) were measured out, thereby leaving space for the 2.82 g of curing
agent, so that the final samples will have the correct 10/1 Wt/Wt ratio of
PDMS to cross linking agent. 80.00 g of copper powder (Aldrich) were then
added while under fume hood and were stirred slowly until the mixture became
homogeneous, thus eliminating the need for respiratory protection.
3.2 Sample preparation process
Samples were made by mixing the copper base described in section 3.1, with
the appropriate amount of PDMS base (Sylgard 184 base, Dow Corning) and
cross linking agent (Sylgard 184 curing agent, Dow Corning) to achieve the
desired volumetric ratio of copper to PDMS as described in the table (see
appendix, section 11). The samples were then mixed thoroughly until ho-
mogenous. Then the samples are placed under vacuum until no air bubbles or
cavities were left. All samples were then cured for a minimum of 15 minutes
at 150◦C in order to restrain sedimentation of copper in the sample.
Vol. % 0 4.64 10.04 14.93 16.09 16.71 17.94 18.94
Vol. % 20.08 21.1 22.59 23.15 24.94 28.09 31.05 32.96
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4 Dielectric spectroscopy
4.1 Percolation theory in conductive composite materi-
als
We will not go into detail with percolation theory, since the purpose of the re-
port is to find the conductivity of our PDMS copper mixture experimentally,
and not theoretically.
Percolations theory examines how each site of a lattice is randomly occu-
pied and how clusters are formed this way. Percolation theory has two basic
genres; bond percolation and site percolation. The best way to explain what
bond and site percolation, is through an example.
Figure 1: Bond percolation
Figure 1 is an example of
bond percolation and figure 2
is an example of site percola-
tion. It represents an infinite
two dimensional lattice, where
a link between two points next
to each other is either open
or closed. A closed bond be-
tween two neighbor points is a
line, if the bond is open it is
not shown. The value p is
the probability of a bond being
closed.
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Figure 2: Site percolation
Site percolation is when p in-
creases the number of points in
the lattice. In site percolation
when two points are horizontal or
vertical next to each other, a path
is formed.
As the value p increases, the
probability of finding a path
through the cluster that stretches
from one side to the other in-
creases. When such a path is
formed the value p has reached
the percolation threshold Pc. The value of that point changes for the form
of the lattice. For a 2 dimensional square lattice, Pc for Bond percolation
is 0.500 and with site percolation 0.593. These values are found by running
Monte Carlo type simulations, randomly filling bonds or sites until a path is
created. This is done a multitude of times, finding many P-values where a
path that stretched from one side to the other is formed. Pc, is the average of
those P-values.
Since we will not go into details with the mathematics of percolation theory,
we will expect a threshold value of Pc = 0.16 as described in previous stud-
ies. [4][5][6][3] To describe the volumetric ratio of spherical metal particles to
PDMS.
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4.2 How to find the electrical conductivity from the ca-
pacitance
One of our aims is to know when the polymer created is able to conduct
electricity and therefore not being an insulator. The apparatus used in this
experiment gives us the capacitance dependent on frequency. To find conduc-
tivity from the capacitance C, a step through the permittivity  is needed. The
conductivity is the ability of a material to let electricity pass through without
too much resistance. The capacitance is the ability of a system to build up
electrical charges in an alternative current. Permittivity is a characteristic of
a medium to affect and being affected by an electrical field.
With the thickness D and the area A of the sample we can go from the
capacitance C to the permittivity:
Cˆ ·D
A
= ˆ (1)
Permittivity is a complex number where ′ represents the real part and
from the imaginary part if function of the conductivity σ and the frequency ω:
ˆ = ′ · iσ
ω
(2)
Thus rearranging the second part of the equation we can find the conductivity:
Im() · ω = σ (3)
It has to be remembered that this conductivity is frequency dependent. If the
values at very low frequency stabilize, it is an indication of DC conductivity
at a given conductance.
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4.3 Dielectric spectroscopy
Figure 3: Idealized setup for impedance
measurement of capacitive like trans-
ducers.
In this experiment we use an
impedance measurement setup
developed and optimized for mea-
suring relaxations of glass form-
ing liquids. This is used to mea-
sure the complex frequency de-
pendent electrical capacitance of
a dielectric cell loaded with a
pdms sample.
In figure 3, an idealized drawing
of the measurement setup is shown. The sample and transducer is modeled by
a capacitor C in parallel with a shunt resistor R to account for electrical loss
in the circuit. The electrical impedance Zx is equal to the ratio Vx/Ix and is
measured by applying a complex voltage Vx across the transducer established
by a perfect oscillator. The vector current Ix across the transducer is then
measured by a perfect ammeter.
In practice, the experiment is carried out automatically via a LCR meter (Ag-
ilent E498A) controlled by a windows pc running a matlab program through a
general purpose interface bus line (GPIB). For a more detailed explanation of
the experimental setup see ”An impedance-measurement setup optimized for
measuring relaxations of glass-forming liquids”[10].
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(a) Visual representation of the capaci-
tor/dielectric cell
(b) Picture of the capacitor/dielectric
cell
The capasitor, or dielectric cell, consists of two disk shaped copper plates
with an approximate area of ≈ 3.14 cm2, held within a PEEK5 container, the
copper plates are connected to a 2x2 connection port through 2 copper wires.
The copper wires are held apart by a Kapton6 7 film ring when the empty cell
is measured.
The samples for this experiment are made by the process described in sec-
tion 3.2. Before the samples are cured, a small amount is transferred and
pressed between two microscope slides using 2 layers of ordinary transpar-
ent adhesive tape, to create spacing between the slides. To prevent bonding
between the glass surface and the Cu-PDMS composite, a release agent was
prepared using household dish soap and demineralized water. This coating
was applied beforehand by dipping the microscope slides in the solution and
then drying them in an oven at a temperature above 100 ◦ C to remove all
traces of water. After the samples were done and cooled to room temperature,
one of the plates of the dielectric cell was placed onto the sample and used as
a guide to cut a disc of the sample the same size as the plate. This disc was
5Polyether ether ketone
6polyimide film developed by DuPont
7Both Kapton and PEEK are chosen for their low thermal expansion and are stable over
a wide temperature range.
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then loaded into the cell and measured as described above. The thickness of
the samples were measured with a screw micrometer gauge at an accuracy of
±10 µm and listed in the following table:
Cu volume % 0 5 10 15 16 17 18 19 20
Thickness mm 0.122 0.150 0.145 0.130 0.168 0.154 0.141 0.160 0.127
Cu volume % 21 22 23 25 28 31 33 empty -
Thickness mm 0.253 0.125 0.138 0.132 0.122 0.148 0.166 0.127
4.3.1 Hypothesis
For the threshold at which we expect the conductivity to appear, according to
the theory, a simple binary composite with regular array and spherical struc-
ture should give a 16% threshold. According to a previous report on PDMS.
On copper we found a threshold stating around 20% [3]. Looking at silver
powder added, a threshold from 17% [4] to as low as 6% [6] has been attained.
The publication stating a 6% threshold had some differences, mostly that their
powder was not spherical. It gives then a length to volume ratio different that
of sphere, and the theoretical calculus is not as precise. Since our particles are
spherical, we expect a threshold being around 16-20%.
16
4.4 Dielectric spectroscopy results
As can be seen in figure 5, at high frequency, a threshold is clearly visible
between 15% and 16% vol. This is in the vicinity from what the theory tells
what we should expect. Compared to other studies, one reason to explain our
closer results to the theory is that we used spheroidal particles in our samples.
Figure 5: Electrical conductivity at different vol. % at high frequency
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As graphs 6a (10khz) and 6b (100khz) shows, the electrical conductivity is
not changing much under the threshold, then an fivefold increase followed by
a steady logarithmic increase proportional to the concentration of copper.
(a) 10 KHz (b) 100 KHz
Figure 6: Graph 6a and 6b show the change in electrical conductivity with the
increase in Cu % at respectively 10 and 100 kHz. In red is an averaged value
between 5− 15% to give a better picture of the graphs.
Figure 7: Electrical conductivity at different vol. % in a wide frequency view
At low frequency, (figure 7), from 0,1 to 100 Hz, our analysis gives us in-
conclusive an weird informations.
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5 Estimation of glass transition temperature
via heat rate analysis.
5.1 Glass transition phenomena
In physics education, we usually work within clearly defined thermodynamic
states, either solid, liquid or gas. Cross-linked PDMS, PDMS composites and
other polymers however, are all amorphous solids, these have the appearance
of being solids but lacks the internal crystalline structure that qualifies them
as such, instead they are all very viscous liquids, with a viscosity so high that
any flow is practically unobservable within the normal time frame of most ex-
periments.
The high viscosity of polymers arise from intermolecular forces between
the long molecular chains when a force is applied, the cross-linking procedure
creates new bonds between the molecular chains, consequently increasing their
length and the forces between them.
PDMS and other polymers also have noticeable viscoelastic properties.
When a force is applied slowly, the chains have time to conform to their new
arrangement, distributing the force over a larger area. If the force is applied
too fast, the polymer will brake since the chains are now unable to slide at the
required velocity, consequently exceeding the energy needed to pull the chains
apart.
The speed at which the molecular chains are able to slide past each other
are determined both by their length and temperature. At higher temperatures
the molecules in the chain have a larger kinetic energy and more degrees of
freedom, this decreases the amount of energy needed to move the chains rel-
ative to each other, making the polymer less viscous. When the temperature
decreases, so does the kinetic energy and degrees of freedom can be ”frozen
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out”. When the chains in the polymer are no longer able to slide between each
other, the polymer will lose its elasticity and become brittle, we call this the
glass state.
The temperature, at which the change between the viscous state and the
glass state takes place, is determined by the structure formed inside it during
vitrification and hence its thermal history, thus only making estimation of the
glass transition temperature Tg possible. One can think of the thermal history
as the conditions experienced by the material during heating or cooling. An
analog to this could be the heating of carbon, under high pressure one can
create diamonds while other conditions will produce materials like graphite.
It should also be noted that the glass transition is not a phase transition since
both states are technically disordered systems.
The glass transition temperature can be observed as a change in specific
heat where the liquid state generally has the highest. At the glass transition
temperature, some of the heat flowing in or out will be used to either break
or create internal structure in the material thus increasing the specific heat of
the material while the transition takes place.
5.2 Measurement of glass transition temperature
Figure 8: Idealized graph showing heat
flow vs. temperture
The aim of this experiment was
to estimate the glass transition
temperature Tg, to see whether
or not a difference in Tg between
PDMS and the Cu-PDMS com-
posite was observed. This was
achieved through heat rate anal-
ysis, a simple technique based
on recording temperature T as a
function of time, while the sam-
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ple is slowly heated (or cooled) with a heat current depending linearly on the
temperature of the sample. In practice, this is done by embedding a thermo-
couple in the sample held in a small test tube (∼ 1ml). Before curing, the
test tube and thermocouple were coated with a release agent as described in
section 4.3.
Figure 9: Illustration of the experi-
mental setup, the gray areas represent
the polystyrene block, with the sample
marked by the blue color.
After the heat from the curing
process has dissipated the sample
is sealed with a silicone stopper
and quenched in liquid nitrogen.
After cooling the sample, it was
transferred in to a polystyrene
block which had been pre-cooled
to establish a temperature gradi-
ent through the block. The sam-
ple and block are then set aside to
thermally equilibrate with their
surroundings, while the tempera-
ture measured by the thermocou-
ple is recorded in regular intervals
(1 s). The signal is then digitized
through a high resolution analog-to-digital converter connected to a microcon-
troller, and communicated to a windows pc running matlab. By plotting the
rate at which temperature changes with time dT
dt
versus the temperature T,
changes in the specific heat around Tg is easily observed as a sudden change
in the slope of the graph.
A mathematical explanation of the method can be derived from the def-
inition of specific heat. We are able to construct equation 5 with our heat
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current/input denoted as P (t)
∆T =
1
Cv
Q (4)
dT (t)
dt
=
1
Cv
P (t) (5)
From this we see that the rate of change in temperature of the sample should
be inversely proportional to the specific heat Cv times the heat input P (t).
We assume this heat input is proportional to the difference between the tem-
perature of the sample T (t) and the temperature of the room T0, were R0 is
the thermal impedance of the experimental setup. This can be viewed as a
measure of the insulation of the polystyrene block.
P (t) =
−1
R0(T (t)− T0) (6)
Combining equation 5 & 6 yields the following differential equation for the
change in temperature of the sample:
dT (t)
dt
=
−1
R0Cv(T (t)− T0) (7)
Plotting dT
dt
as a function of T, will yield a straight line with a slope of −1
R0Cv
.
Any change in the specific heat of the sample will be seen as a sudden difference
in the slope of the graph as shown in figure 8.
5.2.1 Hypothesis
We will look only at low volume percentage (< 20) which should not change the
structural properties and tensions, so it should not at all affect the temperature
at which it occurs. Previous studies on PDMS with silica showed a Tg of
around 160 K [9] and a second around 100 K higher corresponding to the layer
touching the foreign particle. Since our PDMS molecular weight is not known
precisely, we expect our values to be in the vicinity but not necessarily at the
same temperature.
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5.3 Glass transition results
Figure 11: Plot showing heat flow vs. temperture
The glass tran-
sition was esti-
mated for 3 sam-
ples, pure PDMS,
10% and 20% vol.
copper. The rea-
son for studying
these 3 samples is
to see the pure
polymer behavior,
then one sample
below and one sam-
ple above the per-
colation threshold. Figure 11 shows no distinguishable change in the temper-
ature, around 150 K, at which the glass transition occurs. This goes well with
our prediction and we can then tell that adding at least that much copper, with
the given physical characteristics, do not change the glass transition of PDMS.
We did not see any second glass transition. From 160 K to room temperature,
299 K the slope was steady. The method used is too general to see the small
interface glass transition.
Copper to PDMS vol. % 0 10 20
Glass transition temperature in K 148 150 150
Figure 10: Table showing glass transition temperature
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6 Hydrophobicity
6.1 Exploration of changes in hydrophobicity
Equipment Type
Camera: Canon 5D mk. III
Lens: ef-50 f/1.4
The addition of copper in a thin pow-
der to PDMS change the surface layer
composition, which is now a matrix
of hydrophobic PDMS and a less hy-
drophobic Copper particles. Since
copper in contact with air creates a thin layer of oxidation which is a less
hydrophobic material than PDMS, we expect that with the increase in Cu
concentration, the surface will slowly become less hydrophobic, hence the con-
tact angle will decrease and give a less spherical droplet of water. Surface
hydrophobicity is influenced by chemical heterogeneity and surface roughness.
The previous studies found a pure PDMS angle of 109◦ [4]. For copper, the
previous results depends a lot on how much of oxidation there is on the sur-
face, it goes from 104◦ for Cu2O to 75◦ for Cu and can go down to 47◦ for a
Cu2O/Cu mix [7]. We also have to bear in mind that the roughness of the
surface can change a lot the angle of contact.
The experiment was done by putting a droplet of water on our samples
and then took macro pictures of them. The angle between the contact surface
and the water drop shows how hydrophobic the mixture is. The measurements
are made at a room temperature of 26◦ C with the same samples as with the
conductivity experiment.
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6.1.1 Hypothesis
Our hypotheses for the change in hydrophobicity is the more copper there is
in the mixture with PDMS, the closer it will go to the pure copper plate. So
we hope to see a change from 109◦ [4] for pure PDMS to a lower value. We
do not have a value it will tend towards, since we do not have an indication
in which state the copper in the surface layer of our samples will be and what
kind of bond it will have with the surroundings.
6.2 Hydrophobicity results
Figure 12: Graph plot of contact angle at different Cu vol. %
The contact angle measured are from 109◦ for pure PDMS going steadily
down from 109◦ to 94◦ for 33,3% vol. Cu, see figure 12. A copper plate gave
92◦. The result for 25% vol. Cu of 102◦ is diverging from the trend.
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(a) From left to right, top to bottom,
pure PDMS, 17%, 22,5%, Cu plate
(b) screenshot from computer program
to measure angles.
We used a computer program to determine the angle. Figure 13b shows
the data processing for our measurement at 15% vol.
The computer program’s 0◦ is what we think as 90◦. So the angle between the
contact surface and the water drop can be calculated.
90 + 18.3 ∼ 108 (8)
The measurement is not very precise, so we can only determinate the angle to
the full degree. We have plotted our results in this table:
Cu volume % 0 5 10 15 17 18 19 20
Contact angle (deg) 109 109 108 107 107 106 105 105
Cu volume % 21 22 23 25 28 31 33 Cu plate
Contact angle (deg) 103 101 100 102 98 96 94 92
If we continue the trend at which the hydrophobicity changes with the mix
ratio, a simple linear regression of the values once hydrophobicity start to
change would give us a 46◦ at 100% Cu which is one of the values given for a
Cu2O/Cu mix. At higher concentration than the ones studied, it is possible
that the hydrophobicity could have flatten at any other value between our 94◦
and 46◦.
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7 Discussion
7.1 Conductivity
The threshold being a little under 16% can be explained in part by our copper
particles being not perfectly spherical but spheroidal. This in turn makes a
length to volume ratio slightly bigger than that of a perfect spheres and an
intermolecular distance slightly smaller at same volume percentage.
Figure 14: Electrical conductivity at different vol. % in a wide frequency view
As shown in figure 14, above the threshold, some sample show a flattening,
some not, in a random distribution through the high Cu concentration sam-
ples. Normally, when at low frequency the slope flattens, it is an indication of
DC conductivity. We know from our tests and from all previous studies that
pure PDMS at concentrations lower than the percolation threshold it is not
conductive. As of the moment, we do not have any idea of why the results
tend to some random behavior under a certain frequency level.
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7.2 Glass Transition
The results from our experiment are shown in Figure 11 in section 5.3. The
glass transition temperature should be a point where the two different gradients
meet. As we can see from the results, the glass transition temperature does not
change when we increase the copper concentration. We can maybe see that the
physical properties changes, because dT/dt is different for each sample. dT/dt
is not equal to the heat capacity, but it is related. We know that copper has
a lower heat capacity than PDMS, so we should expect that the samples with
a higher copper concentration have a lower heat capacity. We cannot use this
result though to draw a conclusion, because the insulation of the sample was
not consistent, thus heat transfer from the room was not comparable from one
sample to the other. This will not affect the glass transition temperature, but
it could give a misleading result since dT/dt is affected by the insulation of the
experiment, as well as the mass of the sample and the temperature gradient
formed inside.
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7.3 Hydrophobicity
We expected that the angle between the surface and the water drop, to become
smaller as the volume percentage become larger. The reasoning behind this
is explained in section 6.1. Our results are shown in figure 12 and the table
1 both in sections 6.2. They show a hydrophobicity from a contact angle of
109◦ for Pure PDMS with little change until 15% vol. then a steeper decrease
down to 94 for 33% vol. Cu. Apart from the outlier at 25%, the results are
very nice.
The result for 25% vol. Cu (102◦) is diverging from the trend. Reasons
could be, that the side the measure was taken on, has seen a little drop in sur-
face concentration due to the sedimentation of the copper during the curing
process. Another possibility could be that the quality of the prepared sample
gave a different roughness, modifying the hydrophobicity at the border layer.
Since it is the only outlier, in an otherwise very reasonable set of data, we
think that it must be a simple mistake in the preparation process.
An interesting point is how close the measurement at 33 vol % is to the
Cu-plate. The copper plate angle was 92◦ while the 33 vol % was at 94◦.
The trend seems that if we continued the measurement, the angel between the
surface and the water drop would be below that of the copper plate. That is
interesting and can properly be explained by the fact that the hydrophobicity
changes a lot with the oxidation and chemical bond of the metal.
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8 Conclusion
The percolation threshold is found between 15% and 16% vol. which fits very
well within the theoretical prediction. A slightly lower level can be explained
by the non-perfectly spherical nature of our copper powder.
As hypothesized, the glass transition temperature is around 150 K for all
samples. The structural nature of PDMS is not detectably changing with the
amount of copper used.
Hydrophobicity decreases from 109◦ for Pure PDMS down to 94◦ for 33% vol.
An extrapolation of the results seems to give a possibility for a contact angle
lower than on a simple copper plate, which is measured at 92◦. This tends to
show a behavior of in the surface layer of the mix to be not only a simple thin
layer copper oxidized by air.
9 Future direction
While PDMS-Cu composites did not produce conductivity sufficient enough
to make power transfer practical, nor would it be practical for data/signal
transfer. The change in capacitance can be harnessed to make solid-state
pressure and bending sensors, using soft lithography. It is possible to make
nanogenerators to harness the triboelectric effect[13] thus making said sensors
self-powered and with a lower detection limit of ∼ 13 mPa easily enough to
detect a falling feather.
Larger scale application also include protective coating on glass and solar
panels. Together with other silicones, one may produce self-healing properties[12]
thus extending the longevity of the coating.
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11 Appendix
Vol. % 0 4.64 10.04 14.93 16.09 16.71 17.94 18.94
Cu-PDMS base (g) 0 0.998 1.022 1.838 2.118 3.174 3.437 3.358
PDMS (g) 2 1.702 0.657 0.624 0.619 0.868 0.81 0.702
cross linking agent (g) 0.384 0.195 0.083 0.098 0.109 0.148 0.147 0.133
Vol. % 20.08 21.1 22.59 23.15 24.94 28.09 31.05 32.96
Cu-PDMS base (g) 3.089 3.343 4.366 4.618 4.053 4.317 5.375 2.813
PDMS (g) 0.559 0.531 0.569 0.555 0.369 0.216 0.1 0
cross linking agent(g) 0.115 0.116 0.138 0.142 0.115 0.102 0.111 0.057
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